Carassius auratus is an invasive species that has successfully established populations throughout Iraq. Unfortunately there is no information available regarding the biological properties of the species in Al-Diwaniya River, Middle Euphrates, Iraq. So growth, reproduction and food habit of C. auratus were investigated in this river from November 2016 to October 2017. Length groups of the fishes from 19 to 21cm were prevailing the catch and formed 30.8%. Length-weight relationship was calculated as W= 0.013L 3.129 for all individuals, with allometric growth. The condition of the fish increased in early spring. The maximum age recorded was 5 years with 30.1 cm. The parameters to the von Bertalanffy growth curve fitted to mean total lengths at age were L∞= 43.0, K= 0.225 and t o = -0.412. The index of growth performance (Φ) was 2.612. The unbalanced overall ratio of males to females was 1:3.81. Higher values of gonado-somatic index (GSI) for males and females occurred in early spring. C. auratus is an herbivorous, with a diet that includes algae (52.6%), macrophytes (22.0%), diatoms (15.8%), crustacean (4.8%) and aquatic insects (4.8%). Our results highlighted basic biological aspects of the invasive C. auratus which can assist in fisheries management and conservation of the fish species in Al-Diwaniya river.
INTRODUCTION
The crucian carp Carassius auratus (Linnaeus, 1758), a cyprinid native to Eastern Asia, is an example of a non-indigenous fish species that has successfully established populations throughout Europe, North and South America, New Zealand and Australia (Lorenzoni et al., 2010) . Al-Nasiri and Shamsul Hoda (1976) listed the freshwater fish species of Iraq and referred to the presence of C. auratus for the first time in Iraqi waters, this species is considered as an unofficially introduced exotic fish to Iraq like other species, such as common carp, Cyprinus carpio, but has invaded the country in ways that are not yet been known, however, Coad (2010) mentioned that this species has been introduced throughout Iranian waters including Khuzestan waters, these fish can easily have crossed the border into Iraqi waters. C. auratus now well established and easily becomes one of the dominant species throughout the Iraqi waters such as; in Euphrates river at Al-Mussaib Power Station (AL- Rudainy et al., 2006) , in southern marshes Hussain et al., 2009 ), in Al-Hilla river (Al-Amari, 2011), in Euphrates river at Al-Hindyah Barrier (Khaddara, 2014) , in Tigris river before Al-Kut Barrier (Abbas et al., 2017) and in Shatt Al-Arab river (Mohamed and Abood, 2017) . The biological characteristics of C. auratus have been carried out by some investigators in different natural waters of Iraq. Saud (2006) reported feeding habits of the species in southern marshes. Abbas et al. (2008) described length-weight, growth and mortality rates of C. auratus in the Euphrates river at Al-Mussaib Power Station, middle of Iraq. Al-Shami (2008) reported the fecundity and histological description for its ripe ovaries of C. auratus in Garmat Ali river. The population status of the species in restored East Hammar marsh during 2007-2008 has been investigated by Al-Noor (2010) . The length-weight relationship, growth, reproduction and food habit of C. auratus in Al-Hilla river and in Euphrates river at Al-Hindyah Barrier have been described by Al-Amari (2011) and Khaddara (2014) , respectively. Rasheed (2012) reported the length-weight relationship of C. auratus in Derbendikhan reservoir. Wahab (2013) studied food habits of the species in Al-Tharthar canal, Tigris river. Mohamed et al. (2016) investigated the growth, mortality and exploitation rates, and the yield per recruit of C. auratus in the Esat Hammar marsh following six years of inundation. Length frequency distribution, length-weight relationship, age, growth rate and reproductive of C. auratus in East Hammar marsh have been studied by . Presently there is no information available regarding the biological properties of the silver crucian carp population in Al-Diwaniya River, Middle Euphrates. This study therefore investigates some biological parameters, such as length frequency distribution, length-weight relationship, condition factor, age, growth rate, sex ratio, gonado-somatic index and food habit of silver crucian carp population in the Al-Diwaniya river and our data are compared with results from other populations.
MATERIALS AND METHODS

Study area: AL-Diwaniya River, Al-Qadidiyah
Province is an extension of the Al-Hilla River which is a branch of Euphrates River at Al-Hindyah Barrier, in the middle of Iraq ( Fig. 1 ). It is 123 km long, 25-30m wide and 3-5m depth. The river flows through the AL-Diwaniya city, then narrows in the districts of Sideer and Al-Hamzah and continues to flow until it fades in the district of Al-Rumaythah, Al-Muthanna Province. The predominant vegetation on the both banks of this locality were reed, Phragmites australis and cattail, Typha domingensis, whereas hornwort, Ceratophyllum demersum was dominant in the deeper areas. The fish fauna comprises 27 species and is dominated by cyprinids, including Carassiu carassius, Carasobarbus luteus, Leuciscus vorax, A. grypus, Luciobarbus xanthopterus and Mesopotamichthys sharpeyi; other common species are Planiliza abu (Mugilidae) and Oreochromis aureus (Cichlidae) (Mohamed and Al-Jubouri, 2017). Fish sampling: Sampling was conducted monthly, from November 2016 to October 2017 from two sites ( Fig. 1 ). Specimens were caught by means of electrofishing equipment (provides 150-300V) and three types of nets. The seine net (3m long and 2.5m depth with a 20mm mesh size), gill nets (25m long with 20x20, 30x30 and 50x50mm mesh sizes) and cast net (9m diameter with 15x15mm mesh size). Fish were immediately preserved in ice box for subsequent analysis. Laboratory measurements: In the laboratory, fish individually measured for total length (TL) to the nearest mm and weighed (W) to the nearest 0.1 g. A sample of scales for aging was taken from a standard area between the lateral line and dorsal fin of the fish. Scales were cleaned with warm water and placed between two glass slides (Schneider et al., 2000) . Fish was dissected ventrally and gonads were removed, weighed and examined to determine sex. The guts were removed and preserved in 5% formalin until the contents were analyzed. Estimation of growth: The length-weight relationship, W= a L b was applied (Le Cren, 1951) , where W is the weight (g), L is the total length (cm), and a and b are constants, using data from all fish collected. The hypothesis of isometric growth (Ricker, 1975) was tested with Student"s ttest. The state of well-being of the fish was estimated by means of the relative condition factor (K n ) using the following formula, K n = W"/W (Le Cren, 1951), where W"= the observed weight of each individual and W= the expected weight using the lengthweight relationship. The age of the fish was determined by means of the Projectina microscope, 20X. From the magnified image of the scale, total scale radius and the distance between the focus and their respective annuli were measured. The relationship between the length of fish on capture (L) and the radius of scale (S) was calculated from the equation: L= a + b S (Bagenal and Tesch, 1978), where a is the intercept and b is the slope of the regression line. Back-calculated lengths were estimated by using the following formula: L n = a + S n /S (L-a) (Bagenal and Tesch, 1978), where L n is the length of the fish at age "n", a is the intercept with the axis of the abscissa of the previous regression, S n is the radius of the annulus "n", S the scale radius and L is the length at the time of capture. Annual growth increment in centimeters was calculated for each fish collected for each year of its life using backcalculated mean length-at-age data. The theoretical growth in length was described by the von Bertalanffy growth equation: L t = L ∞ (1-e -
K (t -to)
), where L t is the theoretical total length at age t, L ∞ is the asymptotic length, K is the coefficient of growth and t o is the theoretical age at length= zero (Bagenal and Tesch, 1978). The growth curve was fitted to the back calculated mean length at age of the species by means of Beverton and Holt method (Ricker, 1975) . The index of growth performance (Ф) was calculated using the equation Ф=logk+2logL∞, where K and L∞ are von Bertalanffy parameters (Pauly and Munro, 1984) . Sex ratio and gonado-somatic index: The Gonado-Somatic Index (GSI) of fish was expressed as a percentage of gonad weight (GW) to body weight (BW) for the collected specimens (De Silva, 1973): GSI = GW / BW x 100% …….Eq.1 The ratio of the number of male to female specimens was determined. Sex ratio was tested by chi square (X 2 ) method. Thus:
Eq.2 Where, O = Observable and E = Expected. Food analysis: The food analysis was under tak-en using the points (P) and frequency of occurrence (O) methods following (Hyslop 1980 ). The diet was determined using the index of relative importance (IRI) of Stergion (1988) . This index combines the occurrence (O) and points (P): IRI= O% × P% and IRI %= IRI / ΣIRI * 100 …….Eq.3 All the calculations were done by using Microsoft Office Excel 2010. Figure 2 showed length frequency distribution of the catch for C. auratus. A total of 1136 fish specimens of the species ranging from 7.0 to 30.0 cm in total length were collected from the river. The highest frequency of catches belonged to the length group 19 cm constituting 12.9%, whereas the length groups from 19 to 21 cm prevailed the catches and formed 30.8% of the catch. Length-weight relationship: The graphic representation of the estimated length weight relationship is given in Figure 3 . The length-weight relationship of C. auratus from the river based on 314 specimens ranging from 8.0 to 30.0 cm in total length and between 10.7 to 700.0 g in weight provided a good fit for C. auratus data as, W = 0.013L 3.129 , (r= 0.957). The results show that in the river the species displays allometric growth (t-test= 3.424, P>0.05). Relative condition factor: Monthly changes relating to the relative condition factor (K n ) of C. auratus population are given in Figure 4 . The lowest condition value (0.87) occurred in November, whereas the highest one (1.14) was observed in March. The monthly trend of the condition shows that the best condition is reached at the beginning of the spring and the lowest condition during au-tumn. The mean value of the relative condition factor in the overall sample was 0.99. Age and growth rate: The scatter diagram denotes the straight-line relationship between fish length (L) and scale radius (S). The relationship was expressed as: L =1.402+2.209*S and high coefficient correlation, r= 0.941 (Fig. 5 ). The back-calculated lengths at the various ages enabled us to evaluate the growth of the specimens ( Table 1 ). The mean lengths estimated at ages 1 to 5 year were found to be 11.9, 17.5, 23. significantly higher than males in the river. Changes in monthly values of the gonado-somatic index (GSI) of both sexes for C. auratus are given in Figure 6 . It is observed that the lowest mean GSI values were obtained in November 0.56 for males and in October 0.57 for females. The highest mean values occurred in February 6.82 for males and in March 14.46 for females. The monthly differences between the two sexes were significant on t-test (t = 2.931; P < 0.05). Food habit: In this study 292 stomachs of the fishes were examined, 196 stomachs contained food items and 96 were empty representing 67.1% and 32.9%, respectively. Figure (7) illustrates monthly variations in the feeding activity and intensity of C. auratus in the river. The feeding intensity varied from 4 point/fish in March to 16 point/fish in July. The feeding activity of the species ranged from 30% in February to 91% in April. In general, both feeding were low during winter and high during summer. Monthly changes in the relative importance index (IRI%) of food items of C. auratus are shown in Macrophytes occupied the second position and ranged from 1.0% in November to 38.8% in April. Diatoms were occupying the third position and ranged from 1.1% in January to 50.3% in October. The contribution of crustacean in the diet fluctuated from 1.7% in April to 9.0% in October. Finally, aquatic insects ranged between 0.2% in March to 19 .3% in October. The overall diet composition of C. auratus was comprised of algae (52.6%), macrophytes (22.0%), diatoms (15.8%), crustacean (4.8%) and aquatic insects (4.8%).
RESULTS
Length frequency distribution:
DISCUSSION
The non-native species in an ecosystem is always likely to present an ecological risk if the species is able to integrate itself successfully into the ecosystem (Gozlan et al., 2010) . C. auratus is well established in Al-Diwania river and considered the most dominated species constituted 14.6% of the fish population (Mohamed and Al-Jubouri, 2017). As it can be seen from the results, the size of C. auratus in the present study was larger than the range of the total length of the species reported from some other waters, such as 6. Length-weight relationship of fish is important in fisheries and fish biology because they allow the estimation of the weight of individual fish from its length, to calculate condition indices, to compare life history and morphology of populations belonging to different regions, to predict weight from length measurements made in the yield assessment (Sani et al., 2010; Singh et al., 2011) . The regression coefficient b in the length-weight relationship calculated for the species in the river was 3.129, which indicates positive allometric growth. Positive allometric growth implies the fish becomes relatively stouter or deeper bodied as it increases in length (Riedel et al., 2007) . Several authors have reported both isometric and allometric growth for C. auratus from various water bodies. The value of slope coefficient (b) for the species was reported to be 2.927 in Wanghu Lake, china (Zhonghua et al., 1994) The condition factor in fish serves as a measure of the physiological state of fish in relation to their health, and reflects physical and biological circumstances and fluctuations by interaction among feeding conditions, parasitic infections and reproductive cycle (Narejo et al., 2002; De Giosa et al., 2014) . The general pattern of relative condition factor of C. auratus was low during autumn and high during spring.
By overlaying seasonal changes of the relative condition factor with those of the gonado-somatic index, a similarity can be noticed between these patterns in the investigated species, there exists a relationship between relative condition factor and gonado-somatic index of both sex of the species. These results show similarities with Al-Noor (2010) in East Hammar marsh. He mentioned that the fluctuation in relative condition factor values of C. auratus during the period from June to October coincided with the variation in the gonado-somatic index values. The data showed a peak in February when the fish were in pre spawning period while the minimum value was in November during post spawning period. The age composition of C. auratus population inhabiting the Al-Diwaniya river was ranged from 1 to 5 years. Similar age results were reported for the Lake Trasimeno to be 5 years old (Lorenzon et al., 2010). The age composition of C. auratus populations in previous studies was as follows: Wanghu Lake, 1-6 (Zhonghua et al., 1993) , Euphrates River, 1-4 (Abbas et al., 2008) , East Hammar marsh, 1-7 (Al-Noor, 2010), Al-Hilla river, 1-4 (Al-Amari, 2011), Euphrates river at Al-Hindyah Barrier, 1-6 (Khaddara, 2014), East Hammar marsh, 1-6 (Mohamed et al., 2016) . This can be because of fishing pressure and sampling method. The growth rate and the theoretical growth in length (L∞) of C. auratus in Al-Diwaniya river were compared with other studies on the same species elsewhere ( Table 2 ). It can be seen that the growth of the species in the present study showed higher growth rate than those documented by Abbas et al. (2008) , Al-Noor (2010) and during the first year of its life. Late, the growth of the species in Lake Trasimeno was the highest. The value of L∞ of C. auratus was similar to that recorded for the species by Lorenzon et al.
(2010) and , but better than that recorded for the species in the other waters (Table 2) . Therefore, the growth performance index (Φ) of the species in the present study (2.612) was almost equal to the value (2.702) mentioned by Lorenzon et al. (2010) . The growth that an individual fish achieves depends on three constraints, the genetic constitution of the individual, the abiotic environment experienced by the fish will set constraints on growth and the biotic environment will determine the extent of the growth potential that the fish can achieve as defined by its genotype and the abiotic environment experienced (Wootton, 2011) . The overall sex ratio of C. auratus in the present study was unbalanced in favor of females (1:3.81). Similar deviations in the sex ratio have been observed in many C. auratus populations. Lorenzoni et al. (2007) stated that the C. auratus population in Lake Trasimeno, Italy was composed mostly of females (sex ratio: 1:19) and the ratio attained 1:29 during the reproduction in May. Also, the ratio between the sexes of C auratus in East Hammar marsh, Iraq was poised mostly of females, the sex ratio was 1:14.8 (Mohamed et al., 2016) . The predominance of females are common in C. auratus populations and confirmed by the relevant literature (Lorenzoni et al., 2010; Jassim, 2012; Pandia, 2012; Wan et al., 2015) . These populations are made up exclusively of females that reproduce by gynogenesis through mitotic divisions of eggs due to heterologous species of sperm (Vetemaa et al., 2005; Grabowska and Przybylski, 2015) . According to results of the gonado-somatic index (GSI), we found that the reproductive period of C. auratus in present study extends over an ample time period, from March until September. Similar result was observed for this species by Al-Noor (2010) and Mohamed et al. (2016) in East Hammar marsh. Al-Noor (2010) stated that the monthly changes in gonad weight of C. auratus in East Hammar marsh take place during maturation cycle, which increased into a peak in February, then the weight decreased gradually during March-September, which may indicate that the release of oocytes is somewhat lengthy, and the fluctuation in GSI value coincided with proportion of fish in the different maturity stages to determine the spawning season. Lorenzoni et al. (2010) mentioned that spawning of C. auratus in Lake Trasimeno, Italy occurred from March to June and suggested that it is multiple spawned. The seasonal trend in the feeding activity of C. auratus in the present study is related with water temperature (r= 0.928), the highest value of the criterion was recorded in summer and the lowest one in winter. During this study, water temperature of the river varied from 10.2 o C in March to 32.8 o C in August (Mohamed and Al-Jubouri, 2017). Also, it is clear that the trend of feeding intensity almost resembles that of the feeding activities. It is generally known that feeding activity of Cyprinids decreases with decreasing of the water temperature (Penttinen and Holopainen 1992). The results of the present study showed that C. auratus is herbivorous feeding habit, fed mostly on algae, macrophytes and diatoms which together making up 90.4%. Several scientists studied the feeding habit of C. auratus in different parts of Iraqi water bodies and reported its herbivorous Lazem, 2009 ; Al-Noor, 2010; Mohamed and Hussain, 2012; Wahab, 2013; Mohamed and Abood, 2018) . In contrast, other authors have stated that C. auratus was omnivores species (Saud, 2006 ; Al-Shamma"a et al., 2009; Mohamed et al., 2015) . However, Specziár et al. (1998) mentioned that C. auratus was detritivors and zooplanktivors in Lake Balaton, Hungary, along the stony shoreline and in the reed grass stands, detritus dominated in their diet, and in the open water areas the species was planktivorous, consuming copepods and cladocerans. Rybczyk (2006) found that the highest contributions of the food items of C. auratus in Polish waters were those of ostracods and cladocera. Wahab (2013) reported that C. auratus in Tigris River, Iraq fed on detritus, macrophytes, algae, crustacean and aquatic insect. The ontogenetic change in diet of fish may be due to an interaction of changes in external factors such as habitat, food supply and predation risk, and internal conditions like anatomical structures, behavior and physiological demands (Luczkovich et al., 1995; Persson and Hansson, 1999; Specziár and Erős, 2014) . Our results highlighted basic biological aspects of the invasive C. auratus which can assist in fisheries management and conservation of the fish species in Al-Diwaniya river.
Conclusion
The study revealed that the invasive C. auratus is well established in Al-Diwaniya river and attained large sizes. The growth in length (L ∞ ) was higher than that observed in other Iraqi waters. It is observed that seasonal changes in condition factor were positively correlated with the gonads development rather than the feeding activities. The sex ratio proved to be extremely unbalanced, in favor of females, and the reproductive season extended over an ample time period. The species was herbivorous, fed chiefly on a plant sources and thus compete the native economic species such as M. sharpeyi. Therefore, to prevent its distribution and influence on the native species, its biological characteristics should be monitored at regular intervals in the locality.
